Electronics Factory: Yung-Ming CHANG, et al.
Trichloroethylene (TCE) and tetrachloroethylene (PCE) are the main chlorinated hydrocarbon solvents used in dry cleaning, machine cleaning, and metal degreasing 1) . Animal experiments have shown that TCE and PCE cause liver carcinoma and lung carcinoma in mice, as well as renal cell carcinoma in rats. Epidemiological research has focused on the risk of cancer (including liver [2] [3] [4] [5] , cervical 2, 5, 6) , bladder [5] [6] [7] [8] [9] , lung cancers 2, 6, 10) , leukemia 2, 7) and Hodgkin's disease 6) ) among workers employed by industries using these two chemicals. However, most of the results obtained from such studies have been largely inconclusive. Based on the evidence in experimental animals and humans, TCE and PCE are considered "probable carcinogens" to humans (Group 2A) by the International Agency for Cancer Research 11) .
In June 1998 the press in Taiwan revealed that an electronics factory located in the northern part of the island improperly disposed of waste materials including chlorinated organic solvents. The dumping site was found to have contaminated underground water with organic solvent. This electronics factory began operations in May 1968 and closed in 1992. The products of this factory included various parts, printed circuit boards and all kinds of integrated circuits for black-and-white and color television sets. The Environmental Protection Agency (EPA) in Taiwan verified that the water in some wells nearby had been polluted by TCE and PCE. The average concentrations of PCE and TCE were about 10 times higher than the groundwater quality standard. The water quality was below the standard established for drinking water by the World Health Organization (WHO) 12) . The Institute of Occupational Safety and Health in Taiwan conducted an epidemiological study to investigate the association between cancer risk of workers and chlorinated hydrocarbon solvent exposure in the electronics factory. Initially, a worker cohort was established using records of labor insurance 12) . Collating the datasets of the National Cancer Registry, National Mortality Registry, Labor Insurance Admission, and National Health Admission, a proportionate cancer morbidity ratio (PCMR) study was conducted and the results showed a slightly and marginally significant PCMR for breast cancer (PCMR=1.2, 95% C.I. 1.0-4.4) among female workers in the exposed group when compared to either textile or electronics worker control groups 13) . A retrospective cohort mortality study based on standardized mortality ratios (SMR) was conducted, because of the well-known methodological problems of PCMRs and in order to confirm the breast cancer association. No significantly elevated SMR was found for any cancer in either male or female exposed workers when compared with the Taiwan general population 14) . Nevertheless, the mortality may not be an accurate reflection of incidence for some cancers of interest, and the standardized incidence ratio (SIR) study was performed to elaborate the cancer risk among the employees of the electronics factory.
Materials and Methods

Manufacturing Processes and Industrial Hygiene Information
Since the closure of the factory was as early as 1992, it was very hard to reconstruct the related information. We can only summarize from the inspection information collected by the Labor Inspection Department (from 1975 to 1991), the import/export statistics of the company provided by the Bureau of International Trade, Department of Economics (from 1974 to 1989), and interviews with former employees.
The factory could be divided into three plants by the products and manufacturing process. The main product from plant 1 was electronic remote controllers for televisions. The sources of chlorinated hydrocarbon contamination were from the soldering, wire cutting, cleaning and assembling operations. The organic solvents used included isopropyl alcohol, ethyl alcohol, propanol, methyl ethyl alcohol, acetone, toluene, trichloroethane and tetrachloroethylene. The major products produced from plant 2 were solid state and IC products. Although the detailed manufacturing process could not be obtained, the operation process required electroplating and cleaning of the parts. The sources of solvent pollution were from cleaning, electroplating and semiconductor packaging. The organic solvents used in plant 2 included propanol, methyl ethyl alcohol, dichloromethane, dichloroethylene, etc. The major product of plant 3 was printed circuit boards for color televisions. The sources of pollution were from soldering and cleaning operations using organic solvents such as dichloromethane, methyl ethyl alcohol, toluene, isopropanol, etc.
Exposure Assessment
The chemicals used in these plants were deduced from the records of the Department of Labor Inspection, the Bureau of International Trade, and the recall of former industrial hygienists who were presented in our previous study 12) . All employees in the factory were potentially exposed to vapors of chlorinated organic solvents. The documents obtained from the Bureau of International Trade, the Labor Inspection Department and the recollection of a former manager only covered the period after 1975. The available information shows that PCE was not used as solvent in the factory until 1981. TCE was not used between 1975 and 1991 as a solvent in the factory according to the records and recall of the hygienists. However, information on whether or not PCE or TCE were used between 1968 and 1975 was not available. The 1968-75 period was considered to be the most influential period regarding potential usage of harmful substances and potential heavy pollution in the factory. Since the employers refused to provide industrial hygiene information, the concentrations of chlorinated organic solvents detected in the workplace were not available.
Description and Ascertainment of the study cohort
The cohort of the exposed group was retrieved from the Bureau of Labor Insurance (BLI) computer database records covering the period from 1978 through December 31, 1997. Data provided by BLI included employment histories at different factories and the changes of insurance status from 1978 through December 31, 1997. To ensure complete recruitment of the exposed cohort, BLI also provided paper copies of insurance records of the exposed group who had their first employment before 1978 (since no computerized records were available before that year).
To verify the completeness of the exposed cohort, we used the Labor Insurance Admission data to identify employees of the exposed group who had been hospitalized, and a list of names from the United Labor Association (ULA), which comprised of employees of the exposed group. Both the patients among the labor insurance hospitalization dataset and the list of members in the ULA were all included in the cohort established for this study. Cross checks inicated that the cohort of exposed workers was complete.
Follow-up of the study cohort
The vital status of the study subjects was determined from January 1, 1979 to December 31, 1997 (the closing date of the study) by linkage with the National Cancer Registry, which is maintained and updated regularly by the Department of Health. The database contains detailed information including the diagnosis of cancers, and the date on which a worker first visited a doctor for a specific cancer. January 1, 1979 was selected as the earliest date of entry in the follow-up because the Cancer Registry database was incomplete before that date. This record linkage was used to identify cancer diagnosis in the study cohort. The sites of cancer were coded based on the
International Classification of Disease for Oncology (ICD-O-Field Trial) issued by DOH.
Calculation of person-years
Person-year accumulation began on the date of entry to the exposed cohort, or January 1, 1979 (whichever came later), and ended on the closing date of the study (December 31, 1997), if alive without getting any type of cancers; or the date of death, or the date of target cancer diagnosis. In addition, person-years were stratified by gender, current age, duration of employment and calendar year. In order to calculate the dose-response relationship, we divided the workers into four groups based on the duration of employment, that is, employment of less than or equal to 1 yr, longer than 1 yr but less than or equal to 5 yr, and longer than 5 yr but less than or equal to 10 yr, and longer than 10 yr. Length of employment analysis was carried out for cancer sites with SIRs greater than 1 and observed cases greater than 15. The dose-response relationship of period effect was also estimated. We divided the workers into three groups based on three time intervals: 1979-1984, 1985-1990, and 1991-1997 .
Duration of employment
The current age of each worker was determined by subtracting the year of birth from 1997. The age of starting work at the factory was determined by subtracting the date of birth from the inception date of labor insurance coverage.
The duration of employment was defined as the period between the inception of labor insurance coverage and the termination of such coverage. If a worker changed employment during this period, the total duration of employment in the factory was estimated by summing up all durations during which labor insurance coverage was in effect. According to the chairperson of the ULA, workers in the factory began being laid off in early 1992, and most of them were dismissed by July 31, 1992. Hence, we made the following assumptions for individuals with incomplete records in joining or withdrawing from the labor insurance in the calculation of the duration of employment.
1. The date of joining the insurance was incomplete but the date of withdrawing from insurance was complete (n=6508): If the records were extracted from the paper records, we assumed that the date of joining the insurance was October 15, 1970 (BLI insurance paper records started from May 1, 1973, so we assumed the date of joining the insurance was in the median between the first operation date of the factory and May 1, 1973) . If the records were extracted from the computerized records, we assumed that the date of joining the insurance was January 31, 1973 (the BLI insurance computer database started from January 1, 1978, so we assumed the date of joining the insurance was in the median between the first operation date of the factory and January 1, 1978).
2. The date of joining the insurance was complete but the date of withdrawing from insurance was incomplete (n=5220): The duration of employment was assumed to be one half of the period from the date of joining the insurance to January 1, 1978 or July 31, 1992, depending on whether the records were from paper records (January 1, 1978) or the computerized database (July 31, 1992). Addition of the duration of employment to the date of joining the insurance was used to estimate the date of withdrawing from the insurance.
This assumption is the most realistic and conservative, and provides the smallest average error. Misclassification of duration of employment was possible. Random misclassification of duration of employment trends the results toward the null value, which leads to a conservative interpretation of this study.
Statistical analysis
The Statistical Analysis System (SAS) version 8.1 was used for data processing. The standardized incidence ratio (SIR) was used to estimate the strength of the association between occupational exposure and cancer death. Numbers of cancer cases stratified by underlying causes among the study cohort were compared with the expected numbers derived from the incidence rates of the Taiwanese general population. Expected numbers were obtained by applying Taiwanese five-year age stratum, one calendar year stratum, and gender-specific incidence rates to person-years from identical strata in the cohort.
SIRs were obtained by dividing the number of observed cases by the expected number. The statistical significance of SIR was based on 95% confidence intervals calculated according to Liddell 15) . In the data analysis, we analyzed the whole cohort without any exclusion at first. Then duration of employment or latency for less than 3 months, 6 months, 1 yr, 5 yr and 10 yr, respectively, were imposed as exclusion criteria in the SIR analysis. In addition, SIRs were stratified by duration of employment and by calendar year for a trend analysis. A chi-square test was used to evaluate the statistical significance of SIR trends.
Results
Description of the study cohort members
The total number of workers in the exposed group was 86,868. Among them, birth dates were missing for 1,256 males and 3,674 females. Most of the cohort members were females (81.43%). The distribution of individual members and person-years stratified by gender, current age, duration of employment, calendar year and age of starting work are listed in Table 1 . The male cohort contributed 248,588 person-years and the female cohort contributed 1,131,766 person-years during the 19-year observation period. Most of the workers' current age was between 30 and 50, and these groups contributed 208,733 person-years for males and 973,404 person-years for females. Only 7.7% of workers were younger than 30 years old.
Most of the workers were employed at the factory for less than 1 yr (64.8%). About 40% of the cohort workers in both males and females had employment duration of less than 3 months (data not shown), while only 6.82% of workers were employed for more than 5 yr in the study cohort. There were very few long-term employees who had worked for more than 10 yr at the factory. The male workers employed for less than 1 yr, between l and 5 yr, between 5 and 10 yr, and more than 10 yr contributed 167,724, 58,606, 17,878 and 4,378 person-years, respectively. The person-years contributed by female workers employed for less than 1 yr, between l and 5 yr, between 5 and 10 yr, and more than 10 yr, were 768,579, 279,161, 76,984 and 7,042, respectively. Table 1 also shows the distribution of age of starting work. Most of the workers started work at under 30 yr old. The proportion of workers who started working before the age of 20 was 57%. Regarding the calendar year, person-years contributed was highest during the period between 1991 and 1997.
Description of the incident cancer cases
There were 998 (male: 128; female: 870) victims of cancer in the study cohort. Thirty-seven victims had multiple primary cancers, therefore, there were 1,035 (male: 135; female: 900) cancers. Four of the 1,035 cancer cases had dates of cancer diagnosis before the inception date of insurance coverage, and these four cancers were excluded from the analysis ( Table 2) . Female workers (87%) were dominant in the sex distribution of cancer cases. Most of the cases were diagnosed among workers aged between 30 to 50 yr. Most of the cancer cases had been employed at the factory for less than 3 months, followed by between 1 and 5 yr of employment. Most of these cases were diagnosed between 1991 and 1997.
SIR analysis based on entire cohort without any exclusion
The estimates and 95% confidence intervals of SIR for various type of cancers stratified by gender are shown in Table 3 . The observed cases for all cancers among males was significantly lower than expected (SIR:0.78, 95% C.I. 0.65-0.92), while the observed cases for all cancers was close to the expected among females (SIR:1.05, 95% C.I. 0.98-1.12).
For the male workers, no SIR was found to be significantly increased. The SIRs of cancer of connective and soft tissue, cancer of urinary organs, cancer of lymph nodes, and cancer of ill-defined sites were not significantly increased (SIR>1.0). Most of the SIRs in the males were less than 1.00. For the female workers, only the SIR for breast cancer was significantly increased (SIR:1.19, 95% C.I. 1.03-1.36). SIRs for cancer of all sites, bone and articular cartilage, connective and other soft tissue, female genital organs, urinary organs and lymph nodes were not significantly increased.
In further analysis of breast cancer SIR stratified by age of diagnosis, no age-specific SIR was found to be significantly increased (Table 4) . However, most of the age-specific SIRs were greater than 1.00. In the stratum of 40 to 45 yr old, the SIR was bordering on significance (SIR:1.34, 95% C.I. 1.00-1.77).
SIR analysis using different exclusion criteria of minimal duration of employment or latency period
Further analysis was applied with exclusion criteria of minimal duration of employment of 3 months, 6 months, 1 yr, and 5 yr and minimal latent periods of 1 yr, 5 yr, and 10 yr (data not shown). After adjustment for age and calendar year, all SIRs for both males and females were shown not to be significantly increased and were similar to the SIRs for all workers without any exclusion shown in Table 3 . The SIRs of female breast cancer were no more significantly increased after adjusting for minimal duration of employment of 3 months (SIR:1.09, 95% C.I. 
Trend analysis on calendar year and duration of employment
Although SIRs for all types of cancers were found not to be significantly increased, a further trend analysis was performed on the duration of employment (3 intervals) and calendar year. Only cancer sites with at least 15 cases were included in the trend analysis. No significant trend was found for male cancers; also, no female cancer showed a dose-response relationship with duration of employment (Table 5 ). However, the female cancer for all sites, trachea, bronchus and lung, and breast revealed an increasing trend with calendar year. The SIR was highest in the period covering 1991-1997. None of the above-mentioned cancers that increased without significance in SIR showed an increasing trend with calendar year (Table 5) .
Discussion
Epidemiological studies of TCE and PCE exposed workers have shown an excess of several cancers, including liver [2] [3] [4] [5] , cervical 2, 5, 6) , bladder [5] [6] [7] [8] [9] and lung cancers 2, 6, 10) , as well as leukemia 2, 7) and Hodgkin's disease 6) . The results obtained in the present study do not seem to indicate any increased cancer risk from exposure to TCE and PCE. Increased risk of breast cancer and total cancers was only seen in the total cohort. However, most of the cohort members consisted of employees with duration of employment of less than one year (64.8%). Most of the breast cancers also developed in the females with duration of employment of less than three months (41.9%). When exclusion criteria of minimal duration of three months employment were applied, no significantly increased cancer risk was found (Table 5 ). The only significant SIR was found in workers with duration of employment less than one year. Stratified by calendar year, a significant increasing trend of breast cancer was found for three calendar-year intervals. The trend was similar to the increasing trend shown in the total population 16) . Hence, these findings do not support a causal link between breast cancer risk and TCE or PCE exposure at the factory. In addition, no significant association due to the lack of a clear dose-response relationship and inconsistency between male and female groups also support the non-causal relationship found in our previous PCMR study 13) . It was also found that there was no significantly elevated SMR for any cancer in the exposed cohort in our previous mortality study 14) . Breast cancer is one of the most common tumors among Chinese women, and the incidence rate is rapidly increasing 16) . To the best of our knowledge, none of the results of animal experiments have shown an increased i n c i d e n c e o f m a m m a r y t u m o r i n d u c e d b y trichloroethylene or tetrachloroethylene. Studies to evaluate the relationship between occupational exposure to chlorinated organic compounds and breast cancer have mainly focused on aromatic hydrocarbons, and have rarely involved aliphatic hydrocarbons. Several studies have found an increased risk of breast cancer among women exposed to polycyclic aromatic hydrocarbons, including benzene, benz(a)pyrene, dibenz(a,h)anthracene, Table 5 . Trend analysis of SIRs on duration of employment and calendar year 1-nitropyrene, DDT and PCB, due to their estrogenic activities 17, 18) . Although a population-based case-control study conducted by Aschengrau 19) showed that women who had used water contaminated with PCE were more likely to develop breast cancer than those who had not used such water, epidemiological studies of the a s s o c i a t i o n b e t w e e n t r i c h l o r o e t h y l e n e a n d tetrachloroethylene exposure and breast cancer were inconclusive. A proportional mortality ratio study of female dry cleaning and laundry workers in Wisconsin found a reduced proportion of deaths due to breast cancer 5) . Another proportional mortality ratio study of laundry and dry cleaning workers in Oklahoma also found a deficit of breast cancers 10) . The United States National Cancer Institute mortality study of dry cleaner's union members found no increased death due to breast cancer 6) . A NIOSH mortality study of women employed in dry cleaning shops, where PCE was the primary solvent, found a slight but not significant increase in the breast cancer death rate and the increment mainly from exposures occurring 20 or more years prior to the study date 9) . A United States National Cancer Institute mortality and cancer incidence study of aircraft maintenance workers also revealed no significant excess of breast cancer 20) . Cervical cancer is ranked first in the leading causes of cancer among females in Taiwan 16) . Although a statistically significant excess of cervical cancer was found in several previous cohorts among solvent-exposed workers, these finding were still inconsistent. Some of the studies suggested socioeconomic factors, such as lower income, and less education should be taken into consideration 2, 5, 6, 21, 22) . In the current study, the SIR for cervical cancer was marginally significantly increased (SIR:1.05, 95% C.I. 0.93-1.18).
The SIR for liver was not increased (SIR=0.73-0.89) in the present study, although liver cancer has the most significant relation to TCE and PCE exposure in animal studies. This disparity between animals and humans is probably due to the difference between species in the degree of conversion from PCE to trichloroacetic acid, a hepatic carcinogen in animals. Another possibility is the difference in the degree of proliferative responses to trichloroacetic acid [23] [24] [25] [26] . The presence of peroxisomes seems to link trichloroacetic acid and the development of liver cancer in mice, but peroxisomes are not induced by trichloroacetic acid in the human [26] [27] [28] . The strength of this study is the large cohort retrieved from the BLI. Thus, completeness of cohort recruitment is accurate and selection bias was not possible. Using the comprehensive National Cancer Registry to link both the exposed cohort and the Taiwanese general population ensured complete ascertainment of cancer cases and comparability in gathering information. Although these results were mainly null, this study may suffer from the limitations based on the registration data: (1) Quantification of exposure was not possible because the job titles or personal exposure measurements were not available and it is possible that risks for cancers may exist for sub-cohorts within the exposure group, which might not be apparent in the overall mortality study; (2) This study did not control for potential confounders, such as smoking, drinking, reproductive history, and dietary habits; (3) The estimated length of employment was based on several assumptions, which might or might not be correct; (4) The follow-up time may be too short to observe occupationally-related cancers; (5) Identifying the types of exposure was another challenge because exposure to TCE or PCE rarely occurs singularly, since most workers are exposed to TCE, PCE, and other solvents simultaneously. Although we believe that solvent exposure causes humans cancer and that TCE or PCE are likely to be one of the active agents 29) , in future we will elicit the specific agents that confer this risk and estimate the magnitude of that risk. In addition, collection of more detailed information of personal characteristics may allow for further analysis through a nested casecontrol study to determine the risk of developing cancer adjusted for related confounders.
